ABSTRACT
The objective of this study was to evaluate the intravesical application of N-(4-hydroxyphenyl) retinamide (4-HPR) and adriamycin (ADM), as a treatment modality in a an animal model of chemically-induced bladder cancer. Bladder cancer developed in 50.0% of female Wistar rats, 4-6 weeks after intravesical application of the chemical carcinogen, N-methyl-N-nitrosourea (MNU). There was no significant difference in side effects induced by local versus systemic 4-HPR. Although tumor growth was inhibited by 4-HPR and ADM alone, tumor size was lower when both agents were used together. Apoptosis occurred at a higher rate in the combination group than when 4-HPR or ADM was used alone. The results suggest that intravesical use of 4-HPR and ADM may increase their efficacy in treatment of bladder cancer.
INTRODUCTION
Bladder cancer is a common health problem around the world. Approximately 260,000 of new cases of bladder cancer are diagnosed each year, and bladder cancer accounts for approximately 115,000 cancer deaths per year worldwide (1) . It is the fourth most commonly diagnosed cancer in men and the eighth most common cancer in women in the United States and it has the sixth highest incidence of all cancers in the developed world (1, 2). The incidence of bladder cancer continues to increase, which may be partially due to increase in bladder carcinogens in the environment. A number of etiological factors are associated with the development of bladder cancer with nearly 50% of bladder cancers caused by aryl amine exposure from cigarette smoke, and approximately 20%-25% related to occupational exposure to chemicals, such as benz[a]pyrene, benzidine, and beta-napthylamine (3). The incidence of bladder cancer in occupationally exposed people is up to 50 times that of the non-exposed population (3). Retinoids are a group of compounds that regulate cell growth and differentiation (4) (5) (6) (7) (8) . However, little is known about their mechanism of action against bladder cancer cells. Natural and synthetic retinoids have been shown to reduce bladder cancer recurrence in clinical trials (4) (5) .There is a high rate of treatment discontinuation due to side effects (6) (7) (8) . The synthetic retinoid 4-HPR has been used as an antiproliferative and differentiation-inducing agent (9) and has been shown to inhibit carcinogenesis in the mammary gland, head and neck, lung, prostate, and bladder. The synthetic form has been less toxic than other efficacious natural retinoids (10) (11) (12) (13) (14) (15) . 4-HPR is currently being used in clinical trials conducted by the Southwestern Oncology Group and the University of Texas, M. D. Anderson Cancer Center to prevent and treat recurrent superficial bladder cancer.
Adriamycin (ADM) is a chemotherapeutic agent which has been used for the intravesical treatment of bladder cancer. It inhibits protein synthesis and acts by binding DNA base pairs and inhibiting topoisomerase II. ADM has been shown to decrease tumor recurrence as much as 17% in comparison to surgery alone, but did not affect tumor progression (16) .
Here, we show that the combined therapeutic efficiacy of 4-HPR and ADM was higher when both were used together in an animal model of bladder cancer.
MATERIALS AND METHODS

Animals
A total of 136 female Wistar rats aged 6 -7 weeks, 180 -220 grams, were purchased from Experimental Animals Center, National Institute for the Control of Pharmaceutical and Biological Products, Beijing, China (License No. SCXK11-00-0010). The animals were randomly distributed in polypropylene cages, and supplied with filtered water plus Sulfamethoxazole Chemitrim (20mg/5L), and fed with standard ground commercial diet. They were housed in special pathogen free-grade animal laboratory, at 22 o C, with relative humidity between 50-60 % and 12/12 hour light-dark cycle. Adriamycin (ADM) was purchased from Wan Le Pharmaceutical Factory, ShenZhen, China. ADM dissolved in 5% glucose at a final concentration of 1mg/ml, immediately before use.
Chemical agents
Experimental design
The experimental design is presented in table 1. Rats were randomly divided into a total of 9 groups as shown in Table1. The animals were sacrificed at 3, 6, 9, 12 and 14 weeks (Figure 1 ). Two groups of control animal were treated with H 2 O or alcohol, respectively. Three groups were treated with both MUN and 4-HPR, and two additional groups were treated with either MUN plus ADM or MUN plus ADM and 4-HPR. Animal body weight was registered weekly during the whole experiment. Water and food consumption were measured weekly at the beginning of the experiment and every week from weeks 4 to 14.
Tumor induction by MNU
Bladder tumors were induced according to Steinberg et al (17) (18) (19) . Twenty milligram of MNU was dissolved in 0.1 M citric acid buffer solution (pH = 6.0). MNU solution was prepared freshly and was used within 50 min after preparation.
After being anesthetized with 100 mg/kg i.p. Ketamine, and aseptic treatment of local skin with 0.1% Benzalkonium Bromide, 0.1 ml of MNU solution was injected through a 23-gauge Teflon angiocatheter intravesically twice/week for two weeks (a total of 4 doses).
Intravesical and intragastric treatment with 4-HPR and ADM
A concentration of 0.5 mg/ml 4-HPR was used for intravesical treatment and for intragastric treatment (orally by gavage). Animals received 0.5 mg of 4-HPR (1 ml of 0.5 mg/ml) once a week for a total of 9 weeks. The concentration of 4-HPR was equivalent to human 200mg dose, calculated by the equation Y+K (W 0.75 ) where Y is the resting animal's energy output in kcal/24 h (also termed the minimum energy cost), K is a constant based on core temperature, which is specific for each species, and W is mass in kilograms. A concentration of 0.2 mg ADM (0.2 ml of stock solution) was used for intravesical treatment. once a week for 9 weeks (Table 1) .
Histological analysis and tumor evaluation
Rats were sacrificed by continuous flow of CO 2 , and necropsy was performed. Bladders from all groups were resected, removed quickly and washed in distilled water. After being weighed, bladders were opened longitudinally and the number and size of tumors were determined. The tumor size was measured with callipers and calculated according to the equation: v = (lxw 2 )/2, which V is tumor volume, the long dimensions (mm) is L, and short dimensions (mm) is W. The 1/3 was fixed with 10% formalin and embedded in paraffin for hematoxylin and eosin staining and immunostaining, 1/3 was placed in phosphate balanced saline (PBS) for analysis of apoptosis, and 1/3 was stored at -80 o C. Liver, lung, brain, kidney, ovary, and uterus was examined for presence of tumor metastasis.
Bladders were fixed in formalin for 24 hrs and then embedded in paraffin. Paraffin embedded sections were stained with hematoxylin and eosin (H&E) and used in immunohistochemcial staining.
Acridine orange (AO) staining of urine
Urine was collected for 24 hrs before sacrificing the animals and 3-5 ml blood from each animal was collected and stored at -80 o C. Urine was centrifuged at 300 g for 15 min, and pellets were air dried. The pelleted cells were placed slides by cytospin. Slides were fixed in 95% alcohol for 10 min, washed in 0.1 M phosphate (pH 6.0) buffer solution, and then soaked in 0.01 g/dl acridine orange phosphate buffer for 3 min. Slides were stained by 0.10 M calcium-chloride for 30 sec to 1 min, and washed by 0.15 M phosphate buffer.
Flow cytometry
1/3 of each bladder tissue was washed in PBS 2 to 3 times, cut into 1 mm 3 fragments and centrifuged at speed 1,000 g for 5 min. The supernatant was discarded and the tissue was digested in 0.25% trypsin (Sigma-Aldrich) for 20 min at 37 °C. A single cell suspension was obtained by vortexing and filtration of the sample through a 100 µm mesh nylon filter. The cell suspension was then centrifuged at 300 g for 5 min and cell pellet was resuspended in 1ml BSA/PBS buffer (Sigma). Samples were analyzed using a FACS Calibar flow cytometer (Beckton Dickson Corp.USA). Fluorescence was measured at 488 nm air cooled argon ion laser. The samples were rinsed in PBS twice and finally DNA was stained using 1.0 µg /ml propidium iodide (in PBS containing 0.1 mg/ml RNAse (Serva, Heidelberg, Germany). The samples were allowed to stand for 40 min in the dark at 4°C before flow cytometric analysis. The analysis was performed by using the FloMax Software (Partec GmbH, Münster, Germany). Cell cycle analysis was performed using Modfit LT 2.0 (Verity Software House Inc, Topsham, Maine, USA). The following data were collected: (1) the percentage of apoptosis cells and (2) the DNA index of the rat bladder cell populations.
In-situ Terminal deoxynucleotidyl transferase (TdT)-mediated fluorescein-deoxyuridine-triphosphate (dUTP) nick-end labeling (TUNEL) assay
Paraffin sections were washed in distilled water with 0.5% triton X-100 for 10 min for 2-3 times, and incubated with 20 µg/ml Proteinase K for 15 min 
Statistical analysis
Frequency tabulation and summary statistics were prepared. Pearson's chi-square test (X2) was performed to assess the tumor incidence between two binary variables such as the control and the treatment groups or different treatment groups. Two-sided P values will be determined in all analysis.
RESULTS
Tumor incidence
The total number of experimental rats was 136. There were 15 (11.0%) accidental deaths due to inflammation and other causes before or at the end of these experiments. 121 rats (89.0%) survived until the end of this experiment. The causes of death include urethral injury of 3 rats, urinary tract infection of 9 rats, pyonephrosis of 2 rats, and gastrointestinal infection of 1 rat (Table 2) .
Of the 88 animals treated with MNU, 34 developed urinary bladder cancer confirmed by histopathologic examination (46.6%), 17 were presented as simple or atypical hyperplasic lesions (19.3%) ( Table 3 ). The morphologic changes in the urinary bladders were categorized as normal, simple or atypical hyerplasia, carcinoma in situ (CIS), and transitional cell carcinoma (TCC) (data not shown). In 5 groups of MNU-treated rats, the bladder pathologic changes is summarized as follows: bladder mucous membranes became thicker by 5 -7 layers with normal epithelium at the second week, by the end of the fourth week, the mucous membranes of bladder walls showed changes. There were points of hemorrhage and apoptosis which was detected under microscope. At week six, the simple hyperplasia and/or papilloma were formed, but the epithelium around the papilloma was normal. At end of the eighth week, cancerous tumors started to develop and atypical hyperplasic changes were significantly shown in bladder epithelium. By the end of twelfth week, carcinoma were developed and accompanied with ulceration, hyperemia and hemorrhage. The tumor number, size, and statistical analysis were shown in table 3.
By performing X 2 Test for the accurate probabilistic method and comparing the groups two by two, we found that there are significant differences between D,E,G, H and B group (P<0.05) (table 3) and there is no significant difference between E,G, H and D (P >0.05), G, H and E (P >0.05), G and H (P >0.05).
Fluorescent acridine orange (AO) staining
The experiment was performed in order to detect the tumor cells in the urine.Animal urine was collected on the day before sacrifice and stained with AO dye. The tumor cells were observed under photoelectric microscope. The nuclei of tumor cells were detected by green-yellow or yellow fluorescence, and the cytoplasm was detected by orange fluorescenc (data not shown). In MNU-treated five groups (B, D, E, G and H group), the positive rate for abnormal cell nucleus was 50.0% (44 out of 88 rats).
Cell Cycle and Apoptosis induced by 4-HPR and ADM
Apoptosis induction by 4-HPR and ADM were detected by TUNEL assay. Animal tissue was cut by small pieces and cells were washed and collected. The cell cycle was analyzed by flow cytometry (Figure 2 ), 4-HPR, ADM and combination of ADM and 4-HPR increased subG1 and G1 phases. The strongest effect on cell cycle change was found in ADM and combination of ADM and 4-HPR (Figure 2 ). The cells taken from animal in both 4-HPR-and ADM-treated group were detected apoptosis and the apoptotic cells population were increased in treatment group, especially ADM and combination of ADM and 4-HPR had strong effects. The percentage of apoptosis population was 3%, 5%, 18%, 38%, and 43% for groups of A, B, D, E, and G, respectively. Both 4-HPR-and ADM-treated animal sections were detected positive apoptosis staining ( Figure 3) . ADM had stronger apoptosis induction than that of 4-HPR used alone, and the 
DISCUSSION
The goal for using an animal model for chemicalinduced bladder cancer is to better understand how chemical interact with bladder epithelium as well as invasive carcinoma formation. The model system will allow us to further understand the relationship between bladder carcinogenesis and development of cancer and also enable us to investigate the effects of various biological agents and chemopreventive agents before they are used in clinical trials. There several chemical-induced bladder cancer model, tobacco carcinogenesis related animal models (20) ; occupational exposure related models (21, 22) . MNU-induced bladder cancer was chosen in our model, since it caused transitional cell carcinoma (TCC) (17) .
The incidence of occupational bladder cancer was 50 times higher than that of the non-exposed population (3) . People occupationally exposed to carcinogens with the higher risk factor for development of bladder cancer (3) . Approximately, 60-80% of uroepithelial TCC are superficial or superficial-invasive tumors, and most of them are low histological grade papillary tumors (TIS, Ta, and T1) (16) . These types of tumors are considered as low invasive with 20% muscle infiltrating (T2-T4) and 5% are metastasis at the time of diagnosis (23) . Treatment of bladder cancer is mostly dependent on the tumor stage, and has widely varied of clinical outcome. Most superficial diseases are treated conservatively by transurethral removal of the tumor without removal of the bladder. Muscle-infiltrating tumors are general treated by cystectomy plus systemic chemotherapy and radiotherapy. Of superficial tumors, about 20% are cured by surgical removal of the lesion, however, 50-70% of patients experience a recurrence within 12 months after resection (24) (25) , and 10-30% of patient progress to invasive disease and metastasis. Although recent advances treatment such as chemotherapy and radiotherapy improved bladder cancer mortality, the best strategies for prevention and treatment of recur or progress has not been identified.
Treatment of recurrent tumors with instillation of cytotoxic or other anticancer agents by bacillus CalmetteGuerin (BCG) has been shown to be most effective and delays subsequent recurrence compared with surgery alone, but could not complete prevent recurrence (23) . Chemoprevention with natural and synthetic retinoid is a new approach in prevention of superficial or recurrent superficial tumors (27) (28) (29) (30) (31) (32) (33) . However, the toxic side effects of retinoids have resulted in limited accrual of subjects into clinical trials, stopped clinical trial early, or resulting non-interpretable study results (27, 29, 30) . The synthetic retinoid, 4-HPR has a low toxicity profile and is used in bladder cancer chemoprevention for superficial disease (33, 34). With regard to the side effect of retinoids, the suitable concentration of 4-HPR was not determined (34). As the report of 4-HPR trial, the total of 99 subjects with resected superficial bladder cancer (Ta, T1) were randomized to either 4-HPR at 200 mg day p.o. for 24 months, or no intervention. The activity of 4-HPR were measured as DNA flow cytometry as surrogate end-point biomarkers (34). The control and treatment groups had no significant change of DNA content and recurrence-free survivals were similar between the two groups (34).
The local treatment of chemopreventive agent has been initiated, we are the first report of intravesical using chemopreventive agent 4-HPR and combination of chemopreventive agent 4-HPR with cytotoxic agent ADM in animal model. Local treatment may avoid side effect and increase the efficacy. As we know, the metabolism and storage of retinoid are both through liver, using systemic retinoid could reduce the concentration in some target organs through liver detoxification. In our study, first, we studied bladder cancer development, bladder tumor induction was confirmed by both acridine orange (AO) staining of tumor cells and pathologic examination of bladder tissue. Scheduled sacrificing was used to observe the tumor initiation and promotion. Second, we compared both chemotherapeutic and chemopreventive agents' local effects. Both chemotherapeutic and chemopreventive agents had effects on carcinogenesis inhibition (p<0.05) and apoptosis induction. ADM had a stronger effect than 4-HPR when used alone in apoptosis induction, as we expected. Furthermore, the combination of chemotherapeutic and chemopreventive agents had the strongest effect as observed in Figure 3 for apoptosis induction in combination treatment group. However, there are several limitations in the study. First, we did not compare the effects of 4-HPR systemic and local treatment in this study. Second, 4-HPR combining with other chemotherapeutic agents should be tested in animal model. Follow up study will be carried out and will be provided more information.
CONCLUSIONS
The present data highlight the local treatment of bladder cancer with in a chemopreventive agent in combination with a chemotherapeutic agent. Drug delivery is an important factor for treatment effects, especially retinoid. Local chemoprevention and treatment of bladder cancer warrant current clinical study.
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